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0 Preface

This study was undertaken for the Control Systems

Development Branch, Air Force Flight Dynamics Laboratory

(Flight Control Division). The first objective of the effort

was to ascertain whether the existing linear mathematical

model of the AC130 was accurate. I thought it best to begin

with the basic equations of motion and develop a parallel

model, the characteristics of which could be compared to

those of the existing model.

Using the model developed in this study, the second

purpose was to compile data on selected stability and control

0 parameters for tVe AC130A aircraft to predict general trends

and values for these parameters throughout an extensive

flight envelope.

I wish to express my gratitude to the following

personnel: to Lt. Col. James Thompson, for sponsoring this

study; to Capt. Kenneth Bassett, for supporting the project

and guiding my efforts to produce useful results; to Capt.

Len Kruczynski, for supplying the basic computer routines

used in the computations; and to my wife, for her unending

patience with the author.

Robert G. Lorenz

Q
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Notation

Symbol Description Units

A Altitude ft

a Speed of sound ft/sec

A.C. Aerodynamic center, % MAC

AR Aspect ratio

b Span ft

C.G. Center of gravity, % MAC

II Section chord ft

Mean aerodynamic chord (MAC) ft

Drag lbf

d Diameter of propeller ft

F Flap position in %

9 Acceleration due to gravity ft/sec2

hxshyhz Scaler components of angular
"momentum of spinning rotors slug ft 2 /sec

I Total moment of inertia of slug ft 2

propeller

Ix Moment of inertia slug ft 2

Iy Moment of inertia slug ft 2

1z Moment of inertia slug ft 2

Ixz Product of inertia slug ft 2

Ixy Product of inertia slug ft 2

Iyz P-oduct of inertia slug ft 2

i Angle of incidence deg

K Induced drag coefficient, 1/weAR

L Lift lbf

vii

L.
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D Rolling moment about mass center lbf ft

it Longitudinal distance between center ft
of gravity and of aerodynamic center
hbrizontal tail (assumed to be at .25c)

if Longitudinal distance between center ft
of gravity and of aerodynamic center
vertical tail (assumed to be at .25;)

M Mach nwnber ft

MAC Mean aerodynamic chord, p ft

Ix Pitching moment about mass center lbf ft

m Mass slug

Yawing moment about mass center lbf ft

PQR Scaler components of angular velocity rad/sec

p,q,r Perturbations of PQR rad/sec

Msf- •Nondimensionalized perturbations,
pb/2Uo, qc/2Uo, rb/2Uo

R Radius of turn ft

S Total wing area ft 2

St Total area of horizontal tail ft 2

TAS True air speed ft/sec

T Thrust lbf

Tc Specific thrust, T(eng)/PU2 d2 ,
where d is propeller diameter

UVW Scaler components of Vc ft/sec

uvw Perturbation of UV.W ft/sec

cQQ, Nondimensionalized perturbations,
0UV/Uo0 ,w/U 0

Vc Velocity of mass center ft/sec

X,Y,Z Scaler components of aerodynamic lbf
force acting on mass center

viii
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xqy~z Displacements along axes ft

Angle of attack (see Fig. 1) rad

% Angle of attack of wing, a + iw rad

B Sideslip angle (see Fig. 1) rad
8a' 6el6r Perturbation angles of ailerons, rad

elevator, and rudder

P Air density slug/ft 3

O,9#,Y Euler angles rad

9644 Perturbations of G,O,' rad

SPropeller RPM rad/sec

Damping ratio

Subscripts

a Aileron

a Elevator

f Vertical tail

i Inertial

o Denotes evaluation at trim condition
(except for CL Cd )

r Rudder

t Horizontal tail

T Component due to thrust

w Wing

i

ix
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INVESTIGATION OF STABILITY

AND CONTROL CHARACTERISTICS OF

AC130 LINEAR MODELS

I. Introduction

Background

The weapons and fire control system of the AC130

gunship posses a capability for extremely high accuracy,

if the aircraft platform can be rigidly controlled within

crucial tolerances. A novel automatic control system,

termed the Sight Line Autopilot (SLAP) by its innovators,

is presently under development. The system will be capable

of maintaining the aircraft in its firing orbit within

stringent limits, allowing the pilot to devote his attention

to firing the weapons.

The replacement of the human pilot by this contrcl

system is conditional on that system's capability to antici-

pate accurately the aircraft's perturbed response to a dis-

turbance from trim. A comprehensive mathematical model is,

therefore, a necessity. In determining such a model, two

sets of parameters are needed to describe adequately the

dynamic idiosyncrasies of the airframe: stability derivatives

and transfer functions. Stability derivatives, introduced

into the perturbation equations, relate the changes in the

1 Proilmg page Milk
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aerodynamic forces and moments with changes in the c.ir-

craft's state vectors when the aircraft is disturbed from

trim. The state vectors in this study were: angle of

attack, forward airspeed, sideslip angle, yaw angle, pitch

angle, bank angle, and angular velocities. Transfer functions,

determined primarily by the stability derivatives, are input/

output ratios used within the autopilot to program the re-

quired changes back to the trim condition.

Purpose and Scope

The objectives of this study were twofold. First,

more comprehensive, linear models of both the AC130A and

AC130E aircraft were developed. The dynamic characteristics

of the proposed AC130E model were then compared with those

of an existing model. Second, data were generated for the

AC130A throughout an extensive flight envelope to establish

general trends and probable values of stability derivatives

and selected stability and control parameters. This data

will be used to compare model response with flight test

results on the AC130A aircraft. Aeroelastic effects were

not included in the model as no test data were available

and no reliable technique has been developed for estimating

these phenomena. Gust inputs and quantitative determination

of transfer functions were not treated in the study as the

author feels that, until a valid model has been confirmed,

such efforts would not produce useful results. Because

of the large number of calculations involved, the iterative

2 _---
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procedures, the dynamic response modeling, and the plotting

of data were all programmed in Extended Fortran language for

the CDC 6600 digital computer and the Calcomp package.

3
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II. Governing Equations

The equations used in the mathematical model were

derived from Etkin (Ref 6), and include the gyroscopic

coupling terms. Assuming the airframe to be a rigid body

and the earth axes to be fixed in space, the complete set

of equations is:

Equations of Motion

X÷XT n z m(U+QW-RV) (I)

Z4Z T+mgcosecoso = m(W+PV-QU) (2)

WL V =z QIy+PR(Ix-I )+(QR+)Iy +(PQ-)Iyz

(p2-R2)1xz+hxR-hzP (3)

Y+YT+mgcos~sinOl m(V+RU-PW) (4)

ex+4 z PIX+QR(Iz-iy )-(PQ-R)I xz ÷(PR-Q)I xy

+ (R2-Q2 )I yz-h yR+hZQ (5)

.X AT RI izPQ(I Y-I x)+(QR-P)I xz+(PR-6)Iyz

+ (Q 2 -P 2 )Ixy-hxQ+hyP (6)

L '4
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Euler Relationships

P a - sine (7)

Q e cost + Y cosesinO (8)

R -ze sint + i cose cost (9)

e• Qcost - Rsint (10)

a : (Qsint + Rcoso)tane + P (11)

a (QsinO + RcosO)secO (12)

Inertial Velocity

m -UsinG + VcosO sint + Wcose cost (1i

To simplify these equations further, the following

assumptions and restrictions were made:

1. The only significant rotors contributing to

gyroscopic oupling were the propellers. 4 hy : hz C 0,

hx a 0I.
2. The xz plane was a plane of symmetry. * I xy I 0,

YT T aLT T 0.

3. The thrust force was parallel to the longitudinal

axis. o ZT = 0.

4. The angles of attack and sideslip were not allowed

to exceed ten degrees. The following linear approximations

were then used: U Vc,•a: W/U, V/U,: U; + U,
U; +

V
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Employing these assumptions, the equations became:

K+XT-mgsine z m(U&UQa-URO) (la)

Z+mgcosOcoso a m(U64U;UPO-UQ) (2a)

2 2IYlT QI y+PR(Ix-I Z)+(P -R )I xz*lIR (3a)

Y+mgcosesinO : m(U8+U6+UR-UPf) (4a)

SPIxQR(IzIy)-(PQ+R)Ixz (5a)

u RIi +PQ(Iy-I )+(QR-P)Ixz-QIQ (6a)

Equations (7) through (12) were unchanged.

zi u U(-sine+Ocosesin§+acos~cosO). (13a)

Solving the equations for time-dependent parameters,

the following set of equations referred to the trim conditions

were obtained:

2 =U0  0 SUoCx + 2T0 - 2mgsine 0 + 2mU0(Ro0 0 - Qo0 o) (14)

2mUo% p0 SU (C - 0C - 2aT + 2mg(coseoCOSo +osineo)
000 0z 0x T 00 0

+ 2mUoQ(1o(l+2 - 2mU o (P0 +Ro 0 ) (15)

21Q P SU 2C + 2PRo(I7-I) + 21 (R2 -Po) + 2Iy IR
y 0 00 m 002 X XZ 0 0 y 0

(16)

;o : Q0 cos*o - R0 sino0 (17)
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2mUo o SU (C C + 2mg(cos sin+ 0 sin)

- 2mUoRo(1+0 2 ) + 2mUo0 o(Po+Qo0 o) (18)

M zI i P SU 2b (I C +I C ) + 2Q R (I I -1 2)1
X z z1xz n 0 0 yZ z XZ

+ 2P oQoIxz(Iz+Ix-Iy) + 2Qo0 1 I (19)

2(IxIz-ix,) A : PoSUb(IxCn+IxzCI) + 2Q P x XI y x170)

+ 2 RoQoIxz (Iy-Iz-I) + 2QoIxOI (20)

o : P0 + (Q osino0 +R0 CosO° )taneo0  (21)

o C (Q sin 0+R o0Co*)seceo (22)

o: U0 (-sino0 + 0coso sino0 +a0 coso0 coso0 ) (23)

Thrust appears explicitly in equations (14), (15)t and (18),

while in equation (16) this term is absorbed into the coef-

ficient Cm. This arrangement was to facilitate an iteration

process used to obtain the initial (trim) conditions.

Perturbations about the trim condition were then

introduced. These disturbances were considered small compared

to the steady-state values of the state vectors. The sines

and cosines of the perturbation angles were approximated

by the angles themselves and one (1), respectively. The

products and squares of the perturbation quantities were

considered negligible in comparison to the perturbations

themselves. The following notation is used in this report:

U = U0 + u, 0 + *, etc, where the subscript denotes the

7
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state variable at its trim condition and the lower case

character denotes a perturbation. Assuming that inertia

terms (Ix, etc) and atmospheric variables (density, speed

of sound, etc).remain essentially constant for the small

time span under consideration, the following perturbation

equations were obtained (direct thrust effects here were

included in the aerodynamic forces):

AX/M = u + (0oQo+Ro0o)U + UoQo + Uo0 oq + gecose0

-UoRoB - Uo0or (24)

AZ/M C aoU + Uo•ý + (ao-Qo )u + Uo0a . Uo0q + gesineoOS os0

+ PoUo8 + Uo~oP + gOcoseosin 0o (25)

A.Iyq + (IxRo-IzRo+2I Po)p + (IxPo-lzPo-2IxRo+Ql)r

(26)

Ai = qcose° - rsin$o 0 i cose° (27)

AY/m = 00u+ U0  + (Ro-Po0a+0)u - P0U0a + gOsino0 sinO 0

+ Uo8 - aoUop + Uor - gOcos0ocos$o (28)

A =Ixp - I.zr + (IRo- Ro-IzRP0 )qQo(0 0  -I )r-xzop(29)

Al I Zzr - Ixzp + (IyPo0- 1x Po0+1Ixz Ro-QI~q

+ QoI Y- Ix )p + I xzQor (30)

Dj c• qtaneo0sinO 0 + (ý 0taneo-Po0tanG 0+Qo0Sinf 0+R 0COSo 0)0

+ P + (tanOo 0cOS~o)r +(;o tanOo) ) (31)

8
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SA = (qsinfo+eQotanBosinfo +OR0 taneocos*o+rcoeSo)seceo

+ *sieo (32)

0 0

Equations (24) through (32) were then expanded by

linearizing the aerodynamic forces and moments and expressing

them in terms of the non-dimensional stability derivatives.

The following assumptions were applied to the linearization

procedure:

1. Cross derivatives (Cx y, C nu etc) were considered

negligible (Ref 6:123-4).

2. The thrust coefficient was independent of angle of

attack (Ref 6:147).

3. The change in side force due to aileron deflection

(C ) was negligible (Ref 3:88).

4. The airflow around the aircraft was assumed to be

quasi-steady. Unsteady flow effects were considered negli-

gible and all derivatives with respect to accelerations

were omitted with the exception of those due to a. The

derivatives were retained to account for the effects of

downwash on the horizontal tail (Ref 9:4-52i Ref 4:370).

The linearized aerodynamic forces and moments, adapted from

Ref 6, wore used in the following form:

AX L SUo(2C+C )u + 1P SU2(C a + Cxq + C 6e)
Voo xxu 2 U0 q x6e

AZ T* o SUo(2C +C )u + Tpo oSUo(Cz + M- C ya o zCq q+C7  6e)
Cu i •o c 0q +6e~e9

_ _ _ _ _ __ _ _ _ _9
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Af:%SU OC(2M +Cm u+IP oSU a+Cmm M+Td-CM q+C Mae e)
lu o ad 0 q

AY ~SU0 (2C ) ufposuo,(c o+fTCy p+t-C "r+C 'S0
f 0y 0 p 0 Yr Cy~

Ah:~SU-b(2C )u+-C 1p+u2b Pcc~ r+C~ 'a+C 60i'
0 p o r 'Sa 6'r

10
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III. Development of Model

Equations

The linearized forces and moments were substituted

into the perturbation equations (24) through (32) and the

resulting set of equations solved for the time derivatives

of the state variables. The steady-state (trim) condition

of level, turning flight was simulated by requiring the

following restrictions:

1. All state vectors were constants except * 9

which was cyclic, and 00, which was zero.

2. Accelerations of state variables were zero.

Applying these conditions to the perturbation equations, the

following set, referred to body axes, resulted:

PoSU PoSU2
[----(2C÷+Cx )-aoQo]u + [t U

oSU 2

-[gcosOoe ÷+ [UoRo 0  + 1 0 [6e6e (33)0002 x6e
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OS p S QO u- Oi PoSU
"T-Z&u 0 0a

P..p.Sczq (-snco*
00

w 0 0 36ZJe (34)

pSu P0S'J.~ c '-2u

+ E P.......c c:q + (I R-I R-21 P )p

+[ ±uT2-C 36ae+(IPO-IP +21 RO-QI)z' (35)

o (Cos* 0)q - WO n 0 )r - 4~0cose 0)ý (36)

r. . p 0o 0 0# inO sin# 0J

m tuir yu + 4m J 0~

+ C F-ososcos0oU + E p 0 SU CJ3r (37)
0 r

E x x3;a %OSUOb( 1. + n 3u + - Ir + 3

+ U~r.r IxIVlp x) + TI q

zp xZo 2 i21 (+I -

+ ~ _ n~2 + Q0 1--)3p
K: z 2

12
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P SUb 2 C CI
+ _ 0 + *T)+ Q Y-1 z xz) -

C1
+ pSU~ C ~ a1 a+PoSU02b 3. fl

2 0 2.6 +. =1a.+ [-+ 621 x z z2 , I z= I '(38)

C Cbn~lu POSU.2b Cn Cj
E!-~--t ~ 0 02

+ U I 1)UR +(1 ~~ + Iz + II

2 C CP SU b n nI- I

0 04 Y~ + 72) + Q -) l)]
xz Ix o x

)+ 0 U~~c + C + Q. SUzb1n +4 -!-.] 6  0 21  Txz x xz

(39)

(tanOosin40)q + ~0 cosO 0-Potan 0 )e

+ (tanO coscý0)r +p (40

)q + (ý' tan6O 6 + (----)r (41)cosb 00 0 ,cost)

As can be seen, the numerical evaluation of the coefficient

terms in these equations requires determaination of the tviyn

conditions and estimation of the application stability

dcri vat ives.

13
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Initial (Trim) Conditions

* The trim equations, (14) through (23), were used to

compute initial conditions through iteration on ao' To0 C1,

Cm. and C . The iteration procedure was developed by person-

nel in the Department of Astronautics and Computer Science,

U.S. Air Force Academy, and was expanded slightly for use

in this study. The basis of the iteration was the require-

ment for consiant state vectors at the trim condition. A

listing of the computer program can be found in Appendix B.

Applying the restrictions listed on page 11 for level,

steady, turning flight, the following equations were obtained:

poSU2 T
SUo 2m + -j--gsin° -U Qo o (42)

• pSU a T
(Cz-coCx) a Co- + U oCoseo coso +a sino )

0 2 Z ox mu U 0 0

+ Qo(1+a ) (43)

o 0 0

PO = -ýosinno (44)

Qo = .oSeoSino 0 (45)

Ro 0 coseo coso (46)

a0 = tanO0 /Cosq 0  (47)

14
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From Ref 8:2039 the following relationships were obtained

for the veference flight condition:

R 2 (VcR = .. . .( 4 8 )

2O - (49)

Using data from Ref 1, approximate values of a and TO

were computed to 3egin the iterative process.

Iteration was first performed on equations (42) and

(43). It was assumed that, for small disturbances,

Aul L Ta + O AT (50)

* *' 0 0 (51)
SAcO + AT

The following equations were then solved for Aa and AT by

Cramer's Rule.

U u m u au u a

a~l 5T

where Au: 0  u cjpue and A01: = MO computed. Final

values for a and were obtained by setting U°0 0: 0

and noting that re uiring Acu AT = 0 will result in u

computed : a o ed = 0.

15
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Values were thus obtained for a, eO0 Po, Qo9 and RO. Cx

and Cz were determined by summing forces along the respective

axes, giving

Cx C CT + CLSinto - CDcoseo (52)

Cz C -CLCOso% - CDsino (53)

Trim conditions were then impressed upon equations (16),

(18), (19), and (20) and these equations solved for Cm, Cy,

Cl, and Cn• A sec6nd iterative procedure was performed using

equations (16), (19), and (20). The matrix which was used

to solve for final values of Cl, Cm, and Cn was

n

Aq V V ACm
1m n

3i a,

where Ap aP 0 o computed, Aq = - q computed, and

Ar a - r computed.

Stability Derivatives

Formulas used in estimating stability derivatives are

presented in Table I.

16
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Because the model was to be referred to the body axes,

the following transformations (Ref 10:57-8) were then applied

to those stability derivatives which were originally refer-

enced to the stability axes.

C C C C1  :C 1 a C~

Cm 0 1 C =C1 o aon

C Cm + Cn =Cn + aC 1
m * a8  MU n n o

i C. C = a (Cr+C + 2nCxq 0°zq q 1 1lp 0o nr
-~2c

C qB C zq + 0C xq CnPB CnP+ a°0(Clp-C n r) a0Cl

X0 CX - 0C Ca1  ~ 1 + 0(C1 -nC0
O8  a r B  r p r p

C = + C C C + a(C +Cn )+a 2C
S&B Cz a o0xn rB nr rno 1p

Cx6e0B X6Ce z6e 6aB C 6a" a 0 Cn6a

Cz6e B Cz6e Ce Cn0a8 " Cn6 a 0oCl6a

C BoCYr 6rB C1  -oCn6r

r. C y r a 0Cyp Cn6rB" Cn6r aoC16r

All other derivatives were either unchanged or were initially

defined in the body axis system.

21
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Model Characteristics

After initial conditions and stability derivatives had

been evaluated, equations (33) through (41) were arranged

in matrix form

X AAX

where was the 9xl matrix of time derivatives (u, ;, q, e, i,

p, r. 4, ), X was the 12xl matrix of state vectors and control

terms (us a, q, ej , p, r, 0, *, 6a, 6e, 6r),' and A was

the 9x12 coefficient matrix determined by trim conditions

and the stability derivatives.

Mode parameters were estimated by factoring the coef-

ficient matrix A, using an eigenvalue program from Ref 11.

The procedure yielded ope zero root, two real roots, and

three complex pairs. Factoring the complex roots gave the

natural (undamped) frequencies and damping ratios for the

Phugoid, Short Period, and Dutch Roll modes. The real roots

determined the time constants for the Rolling and Spiral

modes.

The perturbation equations were then integrated using

a fourth-order Runge-Kutta routine. The subroutines were

arranged so that the perturbed response of the state vectors

could be estimated from a single control deflection or any

combination of aileron, elevator, and rudder deflections.

The computer programs used to determine the above character-

istics are listed in Appendix D.

22
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C130 A and E Model Differences

Only two. parameters differ significantly between the

two aircraft, both due to the fact that different propellers

are used. The propeller moment of inertia (I) and the spe-

cific thrust (To) for each aircraft are listed in Appendix A.
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IV. Results

Comparison of AC130E MOdels

Response to a one-second pulse of 0.1 radian was in-

vestigated for each of the primary control surfaces. Per-

turbations produced by the model developed in this study were

compared to those produced by an existing model. The trim

condition was turning flight at a constant altitude of

10,500 feet, at 28 degrees of bank$ at a gross weight of

110,000 lb, and with C.G. at 25% MAC. Model parameters are

listed in Tables II and III, and results of the computer

simulations are presented in Appendix C.

A modified sensitivity analysis was performed by equating

pairs of parameters which differed considerably and noting

any subsequent change in response. Table IV contains the

results of this analysis.

Compared to the existing model, the proposed model

showed an increase in damping of phugoid oscillations. The

primary dutch roll oscillations of the proposed model were

generally weaker, but the 0 and r response to aileron

deflection showed a marked decrease in dutch roll damping.

Pronounced dutch roll was evident in several of the cross

coupled perturbations of the proposed model, but the magni-

tudes of these oscillations were quite small. The divergent

mode tended to be weaker in the proposed model. The short

period oscillations of both models were identical.
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Table III

Mode Parameters - AC130E Models

Parameter Present Model' Proposed Model

Phugoid Mode

w (rad/sec) 0.146 0.144

0.001 0.043,

Short Period Mode

w (rad/sec) 1.984 2.055

0.636 0.606

Dutch Roll Mode

w n (rad/sec) 0.866 0.968

0.215 0.253

Rolling Mode

Time Constant (sec) 0.663 0.686

Spiral Mode

Time Constant (sec) 69.31 66.09

26



GAM/AE/72-5

) Table IV. Perturbations of Pr6Dosed AC130E Model

Response "ComParison with Existing Model Reason

Less dutch rolldamping I

Less dutch roll damping C

U q, 6 More phugoid damping CxuCm '5 n

)L2•t•_ Less dutch roll damping
a Ta- 6a 6a nflnp

U - More phugoid damping C ,C
Z-eTeex nU. p

8 , P r Less dutch rQll damping I

r More 'phugoid damping C S n

Z- -- xu 1ClrCn 'Cn',
U. r r 'p

More divergence C

a q Less dutch roll damping I

u , More phugoid damping C CU-r 6r 61- r m u, np"

0' --'-L'.r' [ore dutch roll dimping C
6r 6r 6r 6r' np

6r' 6r

-, Less divergence Cmu 'Cl ,Cn
6r 6r u 2 P,
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Mode Parameters and Stability Derivatives, ACl30A

Selected. mode parameters and stability derivatives were

calculated for the AC130A aircraft in a level, left-hand

turn at 30 degrees of bank, altitudes from 6000 feet to

15,000 feet in increments of 1000 feet, gross weights of

100,000 lb, 110,000 lb, and 120,000 ib, and C.G. locations of

15% MAC, 25% MAC (nominal), and 30% MAC. Results are presented

graphically'in Appendix D, From these data, probable ranges

of the selected quantities were estimated to be

Phugoid Mode

wn(rad/sec)--------------------- 0.115 to 0.145

S.------------------------------- 0.025 to 0.050

) Short Period Mode

Wn(rad/scc) --------------------- 2.200 to 2.700

------------------------------- 0.550 to 0.650

Dutch Roll Mode

wn(rad/sec)-------------------- 0.850 to 1.250

------------------------------- 0.180 to 0.300

Rolling Mode

time constant (sec) -------------0.400 to 0.900

Spiral Mode

time constant (sec) ------------- 50.00 to 70.00

C ----------------------- -0.260 to -0.190xu

C ----------------------- -0.150 to 0.150zu
--------------------------- 000 to 004

rni

SC ----------------------- 0.350 to 0.770

2C
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C ............ --n-a--- -7.700 to -7.500
Ca

C- ..... -1.780 to -1. 730
3

C. ...................... .-O. 040 to 0.100
a

C 2e-nn ---------.------.--- 3.100 to -2 850

C-. ............... . 9.900 to -9. 200

CXq ....-.-..----..-- -. 0.080 to 0.250

Czq- ---....--- ----- - .7. 700 to -7.400

C ----------- .--....-- 25.000 to -23.500

C ana .a . a---.. -...... a- -0 0.090 to -0.060

C nz6e ----- .m -- ---...--- -O -564 to -0. 540

C Nm ...................... -1. 644 (constant)

C ya ------- a--- O 749 to -0. 740

C1 ......... a aa..........- a0.050 to a0.045

C aann a---------- a .. a.....0.088 to 0.093

C nyp an.a...........a.......-O -134 (constant)

C 1 n------- a-------------- -0.550 to -0.535

C -nn --------------- .mm * 170 to -0. 110

C .. a a ---- ----ima----- 0.388 to 0.396

Clr ------ wn ---------.. .m na- 0.396 to 0.420

Cnr•a a..........a.......... 0.173 to -0.155

C 1 6 a ---aa.. . ---- n-n-- . nO. 0.75 to -0. 065

Cn6a ........... ..... .... 0.00328 to 0.00344

C aY a ---------- n------n---- 0.264 (constant)

Cn16r .................. a.. 0.0264 (constant)

Cn6 aa........n--.... nnn 0.0920 to -0.0910
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V. Conclusions and Recommendations

The only dramatic differences between the two AC130E

models occurred in cross-coupled responses which were at

least one order of magnitude less than their respective

primary perturbations. It is concluded that the existing

model is reasonably accurate, based on available data; how-

ever, the qualitative comparison provided the following

suggestions:

1. Significant cross-coupling occurs in the a- -•-e

and A. responses, but these are unaffected by the gyro-

scopic coupling due to propellers. On this basis, the

gyroscopic coupling is negligible; however, if other cross-

coupling is to be considered, these effects should be

included, as the phenomenon substantially increases the

dutch roll in several of the smaller cross-coupled reactions.

2. The u-derivatives should be more rigidly defined
and the contribution to C and C due to aa/au in the todyCXu Czu

axis system, as well as the quantitative change in C due
mu

to axis transformation from stability to body axes, should be

taken into account. These effects were not included in the

existing model.

3. Flight test verification is needed to determine

values for the rotary derivatives. None of the values used

in either model (except C 1) can be analytically justified

as all were obtained from empirical formulae.

30
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Further study is necessary to provide information in

the following areas:

1. Further computer simulation using different

combinations of control deflections.

2. Possible changes in stability parameters to account

for aeroelastic phenomena and the effects thereof on model

response.
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Appendix A

Basic Data

(from Ref 1, 2, and 3)

Horizontal Vertical
Wing Tail Tail Units

Area 1745.50 545.00 300.00 ft 2

Span 132.60 52.70 23.10 ft

MAC 13.71 11.18 14.82 ft

AR 10.09 5.02 1.78

TR 0.52 0.37 0.30

Dihedrel 1.50 0.00 N/A degrees

Incidence 1.50 -1.75 NIA degrees

Twist -3.00 0.00 N/A degrees

Fuselage

Max Length 97.74 ft

Frontal Area 180.00 ft 2

Horizontal Tail Length 47.33-C.G.(13.71) ft

Vertical Tail Length 46.03-C.G.(13.71) ft

Propeller

RPM 106.80 rad/sec

Diameter A Model 16.00 ft
E Model 13.50 ft

I A Model 139.00 slug/ft 2

E Model 175.40 slug/ft 2

T¢ 0.375-0.O1A-(0.00338-0.0009A)AV (a)

T c 0.275-0.008(A-10)-[0.00248-0.00007(A-10)]AV (M)

where (a) is valid for A < 10000 ft, (b) is valid for

10000 ft < A < 20000 ft, and V = TAS-120 (knots).
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T 28dT CT = 1.032 Tc A Model

." CT a0.836 T¢ E Model

CL = 0.25 + 0.12T¢ + 0.90F

CL = CL + aCLc CL = 6.30 + 0.435T + 2.OOF, M < 0.225
0 La a

CL CL (E + 0.33 (M-0.225)3, M > 0.225

2 CDo = 0.030 + 0.048F
CD #[CDo + K(C2-0'.20)1(1+0".lFCT), O

0 K = 0.044 -0.030F
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I

Appendix B

C130E Model Response to Control Deflection
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Appendix C

Stability Parameters for the AC130A Aircraft
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VARIOTION m|yT OUIIGHT PRO PLTITUOC

:

C.O. P0611T011

VAIAliT|OW MIT" MEOONT AND IMLT2TUOC

.,o'i' .In k414.
Use 4..0 .,, ,,., &.00 1" so L40.00 MM 6.0

ALTITUODCFeCTS use

3

VARIATION WINT C.0.4

C.9. POSITION

Pigte 10'. Stability DerivaT ive VariatTon (CMTCImT)

qq f
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II
VPPPTO 1 111TH Mji1 CISW PRO PLTITtUq

VPPIPTION MITI" C.I.I
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I'I

VARIATION MIT" MEIOW RHO ALTITUOC
S INC VARIATION Ulf" C.D.)

e..

mi.
p.

as ei 94.90ee a." u es J is w ee.;@ gI..nes.

ALTITUOCI rC J 110

VARIATION MIT" EWIONT AND ALTITUOM

g I4O ttARIAIITIoN MITN C.S.8

ATIUOI MEISI sill.
liWO VARllIATIONi 141'I, C.S.

+I

Figure i3. Stability Derivative Variation (0ypC10 ,Cnps)
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VARIATION4 WIT"I 9JCIoT ANo AcTITulo
400 VARIATION WIT" C.Q.4

t~OO0VO L16C00018 JWE T

tse si.. si.e. si.mo iams 4i of 4&.s assm ?1S.a

r ~VARIATION IEITM IICIDIT AND ALTtTUOC
* I100 VARIATION IIXTI C.O.)

)LIUE~ET vi

ALIUOItJ 2 h100)L

V ARI TIO 1WPICIONETJ AN-Ato T

Fxizure 19. Stability Derivative Variation
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VARIATION WITH1 NEIGIT ANO ALTITUOD
*. INO VARIATION WIT" C.G.I

MOGL R066 wil OIT
| " ltbODOO LB GOG08 WEIHT

S* 120000 LB 0•1106 NEI•OT

ALTITUOLIFVET)

VARIATION WITHI IWIGNT ANO ALTITUOC
lNO VARIATION WITH C.O.)

L!O000 LB GfRO66 WE[ G'T

I•LT TUCCI FECT) 010i

VARItATION WITHt WEIGH4T A•ND ALI•TTUDE
R INtO VtAR[IATION WIT" C.G. )

SP 100000 aI GROSS we| fT

-3-

Ices 95.96P 6.90 $5.00 11 0. co t~sgo 149,0 MAOs, M."il
A•LT TUD~t r•T) 910,O

Figure 20. S."tability lDerivative Variation (CIGC •C A
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VARIATION MIT WlEIGHT AON ALTITUOE
. INO VARIATION MIT" C.C.)

S

ALTITUDEIPFCTI qljt.

VARIATION MIT" WEIGHT ANO ALTITUDE
INO MITIRT "ON WITH C.C.I

SLTVTUOUI r 10
II

i~

CYV? -0.134 PHRO MAS CONSTANT FOR ALL FLIGHT CONDITION$

CM~r a 0.f64 ANO WMS CONSTANT FOR ALL FLIGHT COHOkTIONS

CLMr a O.0264 Alto MAS CONSTANT FOR ALL FLIOGIT CONDITIONS

?igure 21. Stability Derivative Variation lp'fl CYp'
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Appendix D

Coniputer Programs

58



AN-) SC'iy .FNE~T: T.ATrlsmwNTc NOT 'Jf'Lu!7EC
C..STYPAE 6;;K ý-NCtY INC 4.j' S~r%O4r1
THYS FoG'PAM Tc CET UPR FA THEL fE
IF A 10'iLL Ic U mEl14VG, VOLLOWI!JG TER4S...

*Y6 ý?;5;) t,X7(7 C?,) ,x8 (2Fr) 9Y9C(255) ,XI. 1 (255:)

CCmMCN AA"cql2),Y(2~5,i2)

*Ki5Ki69i~t~qt<2':42I ,,'22K2?9K2..,K,(~z26,K27,K28,,(2c
PrAL IO~XX, IVyy, I!ZXZ9,tM,11LTLF

INPUT cAPAm'ElF-7 HIZ A;ý 00tI'STJNT

TNPUT PARA4ETE2S 014CIH VAY WITHI FLIGH'T ^OCNUITTCN
RP'AO 1. 1,UiALTOcwIqrLVm~cWTUP0

WHEqE U TS TAS TN VNOT%-,ALTO Iý OPPS5 ALTITtlr5
IN FFFT,0 1il 11 3?t'< AN'GLE iM 0 DLG,?cEFrSgw IS GP"'SS
WFIGWT IN L~qAllC 1E-M3 IS Frrr STýZAO 410 TEP4F

COPPLITS PAPMTrFS NF kCFT TO OFT27MINE ASRCCYNA&4IC DATA

DELV='U-125*LS

VSOUN~v49. 1*SORT (TEMP¶)
M ± J/ V SO tJ Nr
ALTO=ALTO/jLCi3*Q

COMPUTE CONJSTANTS *',.
K1:QUO*S*U9*2/2. !

INITIAL VALUES OF A ANC T To FIITDIO

IF (P141*vC*Cs0) G*O TO 4f)

GO 'n 4.7

Q47 VONTTNIUF
IF (ILTOGT.±1).L) rnf TO ?1
TC=.375.*C1#ALTO-(.uC33P-ou3f.j9*ALTO)OnELV) 6O TO 2?

21 TC:.27r'-. jT?'A.LTC- r*o)
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2' CONTTINU

CL~i
IF ('A1..LT...225) Sr) 'fl n

v A= (%LLlC'LL)CLL
!TL.ATION CN 'ALPIh A'4C TH3tJST US1'jG CRArMSPS RULE

00 V, J~l,5
IF (J*LTo2) ^90 Tl t.4

(mie ~1LTef:.229) GO Tfl 14~

GO Tr14
15 %L=*,4;T2**
1'. CLL=%C.LI2+(LL#A*

CD=CC0 4K4 (CLL-VL!II'ND0) *2 *015

f'OA=?f*K*CLLA(rCLL.CLMIJ,.)
CX=CLL*SlN (M-CC*C)S (A)
CXA=(CLL-CDP)*C~CS(A) +(CO+CLLA)*SIN (A)
C7r-l'LL*C0SM() Cn*Sl(A)

TH=TAN)(TAN~ (A) *,"CS (DHT)t9

0=0lqTCOT*CC5 (Tw*', (PHI)
Rz:PST0QTCC-rTN)*rOS(04T)

AnIOT:I(?# (C?-A.*CX)- (A*T) / (!M*W .oc. +A**2)
*+(G/'J)*(Cos(TH) 4CCS(C.*I)+44SINjTH,)

"OROA=IPSIICT4CST(rWI)*S1P.$(TH)*DTHOAi

flu0 :=K'~cxt-qe'.s(TH)DTHDA-U# (C+A*DDnA)

CAnD ~ (S?007U

OELT=(CAwA*UDOT-uorA*A1)OT),CET
A=A+OELA

1P CONTINUE
TRANSFOPM INI'RTT'I TEDIIS TO '.ODY AXIS
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XZZSZIZ7
Ixzs=Ixz

!Z?:IXYS#S!NCA4**?*IZ7S#C~er(A)##2-?.4IX7C#ST1,(A)4'rCC(A)

COMPUTE C3NvT.%4N'5(zsrxb*I(A*#S
K5=YZ/IZZ
K6=IYv-IZZ+cTX?**2,IZZ)

K9:Kj4CIAq/IYY
1(1'):(I'Z-IXX) /TYY

KIZ=IXZ/Tyv

K14mIXZ/TXX -ZZ/lv-*

K16=T*PPO 4,*.
Ki7zTXX- (IXZ**2/TZ77

K2±z'e5*Ki4+K'v

K23=K4*(IK D.

TC=T/CKI(#. q 5 )
CLL3=#25*ZT+Q'F

IF ~ ~ ~~r To.T..2 I-,0

GO TO 17

1?CLL=CLL 4,,CLLA*A

CT zT /Ki

ID=.KCL*(L-~l~G
TH=ATAJTJ (A*Gj ~ nTj

Pz-c Vý1T*S -i T61



Vn~ y (Y 4*(CI'+K4 *rp KIG 'r ,4 Kl Z*P #-4 IS o) vqI
CODICM=Kg

DClCL=IKL4*Kl?/%lj

DELCL:OCCCt"!,f.(t.CCZT*OknCL..POQT*QD)CI) /qETI

CL= CL+CE LCL
C N: h + n t L CN

44, CONTINUE aolh c
mIscELLAWIUS PARA'1ETFZR'ý

AWR=ALvMjA+i*53
CALL ETA (CLLT~lFETATtIL)

* ~CLATi lL :3, 2r3*cTATAIL

CLI'J:.Zt+1*8~2xF+fLAW*AWQ

IF (TC.GT.h'.j) CC TO ?%7

GO !fl 24.

24. rOoT I NUE
CLAhI:LAW*07.29t=78
nX(A~I SQR(2.J#a0#rET±,.*)eE)

LT=47*?l-CG*C0AR
LFZ:V-isZ!ý

COtMPL'E 0-'?IVArIVFS ;EFFRENCý70 TO STAQT!LTTY AXES
CTUz-3s *CT
CXU:CTL*COS (4)

rX.1:CLL-COiA
CZA=-CLLA-CC
CM A:C CMO CL I nrLA

9 2*~.?ET ATA IL* (LT/C"DA1?)

CZAO:-2. C'EUTAIL~lý-FJA. (LT/COAQ)
CMAO:.2*.*~ETATAL#rPDA.(LT/CPAI),#2

) CZCE:.(ýc9/LT)*ETATtIL9C4,0E
rXOE=-*!Rl
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CL* *F (t )5F)#lLr-M ) *5, 1957

IF M*ý;.! GIC TV) 5

~'5 r~T!40,8*

6 L~: NO T F +211'C F -0 5 TC) 57 97 2jr

CNOR=-Oi I*51215. 7~8
CYDA=:.)@
IF ("L.G.T.i.0)) GCn To it

* GO T#l I
11 IF ('rLLGr.1,z;) CC TO) ie

GO T'" 13

13 rONTINtJE
IF CALPHA*GT.2..) n0 TO I

no C0 2
I

*2 ry%*17CA-,ArYTL/

8
CYP=?6.-*CNDT
CLP=:)O*CLW*(1. 1I)+.5.. :d.F..CLr2.CYq*z*CCSrA),.2/P

CORRFCT104 FOR MAC.4 cFF'".TS
IF (M .E.?5 C TO 47b

CY9T=CY9T(,,*(l'2)

C~NT=C:CYT* (i 1+a * .l,2r))

TPANFFORM rr-RIVWIVES TO 'IODY AXE'q

CZ:..(CLLtA*CD)
CXAl=CLL-CN+A4A(CflCLLA)
CZAl=fi*(CLL-0CA)-C'>.CLLA

CX=YJ+ ***14(CXA+CZU)
* I 7UcC7'J-CXAA**2+A* (CXtU-CZA)

CXC0:CXM-AfC7Q
CZC 1=C7CA*Cxf3

CxAJ"?CXAC- h'C 7M
CZA):ýCMI'.1;cA*CX

I ____ _____63



CY "PgzYPA~v

CLPQ=CLP-A a*~ +~.rpA4

CjYRS=CY'3+A~ryp
CLIR3=CLP-AfP(#ýN*-CL0)-CNP*A**2
CNrCQ:CJNR+AP (OLR4frNc .CLP#A**?
CYU3AD'CYIA

CL D " CL CA#ICNVA

C NOA 0 C N L A A*CL-~A

COMPUTE, C0ýFFICIFT mATRIX
uo:u
A0=A

T14Pz&rH

PHI 1=DHI
AA1:4HCC*SUC/(, C .)
AA2=AA±*UtJ

AA4x!3HC#lcZCFt*/ (4,*M)

AA6=3A5*Ul

AA1J:AAF*PS.0P?

AAj=RFO*qtz*L,.*

AAII.:zAA'/2X-X7rC

AA11=AAqi0/,Aj

AAI7:1.AA19/Ae~uo

6AA18RPo*S~u.'.,rvAR, (h.'M)
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/A A ?17

AA

*A A l, (A A I*C?,)e ;/U. /3A1

AAU%72):(AA(TZ'43-I)ll'.'IXZ:jr.i~voX#I#*:/A4.)y

/AA,17P~~T#o(~~

*AA(17)~

AA (1q6)=AA#Cp*R3Afiop/A
AA (5.7) :AA6*#Cyros(T.)*I(41/U*A
A A(5 :G~~j(Q(p~) 2 2C+CA U V

+ I + ):A1t(p3??rpFIz

AA(194):,I(?94)*CAAT7*rMprAyX

AA~lS)=A (?,5*AA7rm65



AA(5,4)=PSIT#TT/H'ý('m)-'"TNT

AA (2,11) =(A A!* (n 1c'-tc~X"E I) )/~A A

CA311=ALL MrC'JAL (9,AaN7*CTA,,TWALF,2Lf)

COSANTLLC m LLNL (9AgNP r~PI ")lT MOPES EAL

INTz-GOATION PY RUt"E K'ITTA
THIS AIRANGEMENT RrCCROS EVVPY 11TH VALUE
SET INITTAL VALUFe Or~ CE:?TURflATIONS TO UiQO

nfl 4F~.4 KJrX,1.2

VALUE CF OFLT USE'ý WOULD' PE SPECIFIED0 HERE

00 314. JuiI9Z
U4' YCJ)=X(iJ)
?le PONTINUF

00 316 J=1,11
71F CALL RUNGcI (TqmFrOUNTqrELTqY)

TI=IT+1
onl !1? J=1912

317 X(lIIJ)=Y(J)
TI (IT)=T
IF (II *L'-.2 2F. Gn To 'Zi
JJJ:II

CONVERT PAflIAN MEA.SURE TO Ct'PFES
no g'9 jjz1vjj
TIIxJJ
XI(III)zX(jjgi)

X2(III).=XCJJ92V*57s2c578

* X7(rII)qX(JJ97)*57*?9579

X9(III)=Y(JJ99) #57*29578

66



SU 3 COU.T I te~z

TAIL EFFII-'Scfy
Su.qU*CTI'4. ETA (fLLtTCO PSTITAIL)
IF (TC.GT*'L~lu) GO TO 2
TF (PLLGT,1,2ý1r-l. T'1 I

GO TO I.

2 IF Gm.'.. .c TO

GO TA~

I. MIT INI.E
9QFTUTN
END

RUNSE XUrTA
SU'RCUTINT ;U'4GE! (T,&EC0UNTqCTqX)

TT=T
'10 5 Ix1,12

9 XO(I):X(I)

90* TO 2ý

6 ! 7 1:,99
? XP(I)=X(I)

XT ( 12) X (12)
ASSTGN 9 TC l<
SO TC 20

9 nO IC T1912
10 XT(I)=X(I)

TTxTI4NT
ASSIrN 11 TC K

29 CALL FDAT (TT9F0ECOUN*?lXTjPD)
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en 7..4

OFT'JRN

OERIVATIVE"! FOP :?LPlF KUTTAi
FSUBCUINT FlOT (TopArCOtINTX,XDOT)
l)TMSqICNj XCnT(9),XCI2)

COtN1'qL n-EPLLIT!Ch WCOLD "~ eP-^CIFIF" YJERV
X(11) IS A'L"4'1,Y(11) 13 rLEVATI,ý,Y(12) IS ;zUrV0~

IF (ToLT *59t*C-*T*Gr96.9#.) GO 70 26
X(l1)=Lol

23 IF (TLT.S.,C.ORT.Gr,6.L) lno TO 26

GO TO P7
21. IF (LT'.O..Fbt)GO TO P6

Y(12)2~.0j
GO T1 27

27 CONTN'UC

X(DOT(J):2.*C
n~o 3 J=199
110 2 V=91

2 XnOT(j)=Y.)CT(J)+AAUgK)*XCK)
3 CONTINUE

D ET U*~N
END

SUPRCUTINrS TO CIFT-M14F ISTGENVALUES
SUR~fU1INL' P1CGvAI. (NF,~qhNq7CTAqPlqT34ALFqAQEAL)

DIME-tUSION AFEAL(W',

D0U'QLE P:KCI';ICN OýA(q,9)
IF (Co~GT 1) GO TO iet"

GO TO 210

nlo 110 J~lNP

20C 0O 3:0 cto1NP

Wtl(I):L. 0
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-C

IF q-I , 0...ý

1=1+2

GO TC.310'
33: roNTJINIIE

K: j
no 34.' T=1N

K:K71g44

34, rOlTJ1NL'
IF tLFAL(Z).LT9ART4L(l)) 1.42;243

Ac'~AL(2) :SEl()

7.43 C.ONT IN'.IE
V'O 3C I=i~l

no 21 *JZ:Ic
IF (WN(I),C*EWN(j))) r*O TO ?i

R2=7FTA(I)

QL.:THALc?(I)

ZETA(I)=?ETA(J)

T14ALC I) =TF) (J)

14N (J) :Ri

THALF(J):=?4
?I CON3TTNUE
%01 C04TTNUE

FrTUI'N

SUORr)UTINF CHARC (N,?4V-,jAC-)ITfcRfRI)
THIS SUrtRCUTItir CC"PIUT-S TWE 'EIGENVLU:*S OF A RrAL mI'TRrx,,
sYrirTRIC CO NONSY"MCT;1'ý. T;4- IPPiJ1 MATi!X IS TifNSFCPt'En !Y
'ýIPTL.APTTY TP'jSFC7MATIOll' ItWý rj, OF 1TUE FQ0O'NIOUS FORMS
WHE;[ POW 'ACCNTAI1:4, ALL 'U)T ITHE VACTIIY CP(.FF OF 714F

CHARAITFRrSTIC rCN,~ Twr LcACII~JE CO'cFr 1S is 4tCUeiCY IS IN-

COLUM4r*THr kcOTS AR! `0L0ý0)'11S I'G A O-ALEPPERI LFýIVA
WHI*:Qt ALL VALU,-- Iil A -'OW TO TtlE LEFT CFý Tt4 01V. AREi LESS
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THANt INpUT, r-ýT~rIC. r'"OG~P4A $J ý,TVTý,q PICO JFTNI O'F Tr?
-rt~~' 11% -5 7 Cnr Lf~Wrz FrLYN0*'IlLS 44Ev'E I

A 15 N4VA"q DY Nv'Ar 1C1U:;Lr Dz:C %.T;IYq '. Iq 0!7'1'7 OF M~ATr:IYO
R~qDT Akr STeO'A6 Akl- r'ýT IS flIVI1ý0? CFTT-zTA (NCO[r.AL C),
CHARE UJSES FP~FLvq ,Lr ANI C'OEFER

OCUIThE c-rc!5iGN rcr(ii)

OOLtL r7'~CIIICN Ax,Yfrr
C M~ATRIX NO';VLIZ.5TION FOP At SPýCIftL CLASS OF FRO9LEMq
C IF N GE 20 crvic;E ILL mATRIX ELEMENTS, PY 10*#.

IF (N*LT,21) GC TO 3jul!
0O 3,5u I =19N

3W0 f'ONT'NLJr
JACK=0
M= N

MR 1L:Me fo

2 v=L-1
(IIG=:C'IT
JJ~l

C FIN) LARGEST RlýW ELEpr~r.T TO LEFT OF DIAGONAL) ~no 1, JjICK
YOD A(L,J)
AAt Dft%(YrO)
IF (Aft.LL'scII) C~O To j~j
t'IG =A

IC CON~TINU1E
C IF A¶LL FLtitEN~TS LSFT Or n.TAGONAL ARE LF 'ýRITERIA GO TO
C COMPUTr :EIGrNVALUrS UF "E-JUm.45 vATqIX

IF (JJ.7m.') Go TO 7r
C SHIFT FO~lS tit! CCLS IF NFCESSADY

IF (JJ.OsK) GO TO V.

Y=A(JJJ)
A(JjJ) =A(KJ)

2t A(KgJ)=X
!'0 3u I1=191
X= A(IqJJ)
A(IJJ)=A(IK)

4r CONTTNUT_
C' MWK S1M11LJ~kITY rPA`JvFOP'-ATrut, CU~ mATRIX

DIV=A (LK)
C ROW IN EFFcCI IS TW4c LEFT 04 INVIERSE F141LAPITY M'ATRIX
C COL IN 'FFECT IS THE RIGHT SI9ILARITY MATRIX

00 (.Ž J=j9M
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00 ;c J=jgY

00 45 I1=19P
£g5 SUil:SU?14+(IJ)*#FCW(T)

C (OO)L+I) 4 A WHVýE P04 TS KTHi .0WvT THlE TOENTTTY ?OATqlX
C F'iRST K IChS L'SS VeTt4 COL.

00 V 1=1i,K

IF CJd.E).K) 60O TO S?

60 CONTINUE
C ITH ROW

00 65 J=194

C KTH COL

P'O 68 T=IgK

IF (L.Ff.1) r0 TO 73
C-0 TO 2

C SET UP TO CCM1PUTc. RnETS OF RECUCEC OR FULL mATRIx
7t'. rONTTNUE) IF (L*FnM) ý,O T'n 2it

COLD~l) z oo

n .~ I:L#f' %1

q" CONTINUE
C J P-COt1ElqCrGQEE- OF rOLY!Jo'4IAL

CALL FCLYRF(CO!c9JXYyYYIFR)
TV (IEFR*NE.C) POIN 108,.p I.RR

C STOqr J PCCTS
on0 9L ri:,
NR:Nc+i
RR(N;)=XX(T)

IF CNl~eGrsl) G0 TO 5.-0

IF (I'JO.1j) So TO 2ZfP
Go Tfl I

C ONF FIGENVALUE IS A rIAGONAl. EL17MSNT

21P TFcN~sLOn*X GO Tfl S;r
) ~TF(L*EC,2) (0 Tfl 22P~

M:N-NIR
GO TO I
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60o To ^11
C IF h C-L ?l t'JLTs ALL 'DOCTS qY Val,

95C IF V~. LT.r R-TURN4
r!O ji ' T 4., #

PCETU-.N

SUPROUTTIJ.7 LVMPRT
C THIS POUTINE SYSTFMATI'ALLY FINCS A ROCT CF A PCLYNOVIAL
C USING ý SI?'FLF CICING sr7ME nAl4c ON D-lLrM"ERTS LEMMA

SIGNL Pv-'INF

IFLA"- 0

JFLAn ~*'

"nDEL : q*l

1L IF (IcLAGeLTe5) CO TP 25
IF (JFLAGGT...) GO TO ?5

2c IFL51z
IF ('FL4G*'LT*3) GO TO 22

RP RP + STGN/10*C'
RI = RI + cISN/Veg'
lt4IGN a = J*tG

21 (rONTINL'S
IF (APS(PI)eLE.1*) C-0 TO 22
SlrN = SIGN/17*0

RD=STG'J/3*ý
RI = -SfrN

22 KFLAG =KFLt + I

Dnr c DOEL + 1*3

GO Tft 3ý
'5, IFLAG ="IFLDr, I

IF (NFLAG(I)NEst) n~o To 38
X RR

y R
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'F (it L%. I 0 T~.'

IF (1 s .71 'Y Y - -

IF (! 9'4 ) Y y + CE
IF CI.Lt).q) Y Y - nEL.

'5 UCI) a X

C~ALL PCLYrV

1R NIFLAICI)
4#j CONTTNUP

IF (JF'LAG*G1.27) GC TO 6*'
n0 4 5- I 9
IF CP(!).GT* le.v-j7) 60O To 41

Lg5 PO'TINUr *Q
nlo Tc F ,

nI Cir - IF2
IF (C~GO TO 5r
IF (~.Y..)GC Tn 60

CIF TF/ct'
IF ()TFsLTedaO')i)Gn `.0 2C~

55, IONTTNUE
er flOtIT!NUC

00 7. J =,

IF (()'C.)GO) TO'1, 0
7p' rONTTNUrE

IF (Fi.GT*CIF2) GO0 TC Br.
IF (CL.T.TTE.)) R~'N

XX OR +'~ CEL
YY :RI +~ CEL
IF ((XX. .")O.YYE'`') 'RETURN
IF R(X .)AP.'..) ETURN'
IF ((~.~(C.C W'.OY) RFTURN
IF (JFLAS*.*Tsl'.) f-0 TO 220
JFLA5 JFLAG + I
'JFLIG(l) a
r0 TO %V

SE AMINY c 032

00 Sr3z5
IF (PCI) .GT.AMINY) GO TO 85

AMIrNY =PMI
P~5 CONTINUT

IF (v.Ev).3) L. 2
TF (',,*LOl,L.) L =

NFILC.(l) =I
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N1FL A(L) (

L(L) zV(

PV(L) PU)

VMt V V(N)
Pi P(M)
RP x U (1)

:l V(1)

I.C RR a U (1)

RET U9N
M2 IFR~R: 2

R~ETURN

* SUnROUTT'47 FILYS't
CO'IMN
MOILE OR~rCISTON Pl ~tjpv,US

Ii C "R(1)1

00 2'. 1 =29P

2C V X~v + Y4,i3
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